Nonlocal corrections to the free energy of a system of noninteracting fermions are considered within the framework of extended Thomas-Fermi theory. The density and temperature dependence of gradient corrections is given through fourth order in powers of the density gradient. The calculation is based on-long-wavelength expansions of linear and nonlinear response functions of a nearly uniform system. Results are given in terms of Fermi-Dirac integrals and convenient forms are given which span the full density and temperature range from the degenerate limit to the classical limit.
I. INTRODUCTION
There have been many studies of the Thomas-Fermi or statistical theory, and of its various extensions, of matter under various conditions of temperature and pressure. In addition to atomic, molecular, and conventional condensed-matter problems, important applications have been made in nuclear physics and astrophysics. Discussions of this approach to inhomogeneous many-particle systems and extensive references to the original literature are given in recent review articles and conference proceedings. ' The original form of Thomas-Fermi theory is purely local and, consequently, local physical quantities are determined only in terms of local particle densities. ' A number of suggestions can be made to improve upon this local-density approximation (LDA) by including nonlocal corrections which are inevitable in inhomogeneous systems. Perhaps the simplest way to include nonlocality is by means of gradient expansions.
[Many other procedures, often with specific objectives within the universal framework of density-functional theory (DFT) can also be devised. ' ) The general objective is the representation of both local and nonlocal contributions to the total energy, including the kinetic energy plus one-body and two-body interaction energies, as a reasonably convenient approximate functional of the particle density (or densities for multicomponent systems). The relevant energy functional is the ground-state energy E[n ] for zero-temperature systems or the thermodynamic free energy F[n] for systems at finite temperature (T&0). ' The particular version of DFT which is based on the Thomas-Fermi theory plus gradient corrections is known as the extended ThomasFermi The expansion for the grand potential, Q"= k~T lnZ, -then follows as
where Q' ' is the grand potential of a uniform system at the same p and T and the perturbative corrections can be expressed in the form . . , V(q ) ( 3) with the coefficients C' ' given by various (linear and nonlinear) response functions evaluated for the uniform system (see Appendix A (8) is consistent with, and suggests the hypothesis of, a partial resummation of higher-order terms in the n(r) expansion which leads to Eq. (14) in which all functions are to be evaluated at the local density no+ n(r) =n(r) and there is no longer explicit reference to no. For convenience in applications we give approximate analytical representations of the normalized gradient coefficients B(y), C(y), D(y), and E(y) introduced in Sec. III. These coefficients are computed for a discrete set of points
